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METHOD FOR D ETECTING DMA POLYMERISATION 
Field of the Invention 

The present Invention relates to methods for the analysis of samples 
produced by the in vitro polymerisation of nucleic acids, preferably the products 
5 of DNA polymerisation, particularly the products of a polymerase chain reaction. 
This Invention also relates to kits utilising such methods. 
Background of the Invention 

In vitro DNA polymerisation is commonly in the form of the polymerase 
chain reaction (PCR), a ubiquitous technique in molecufar biology. PCR allows 
10 the amplification (and modification) of precisely defined DNA sequences from, 
If noceseary, very small quantities of DNA. 

Commonly, PCR id analysed using gel electrophoresis (either agarose or 
acrylamide-based) using a fluorescent dye (such as ethidlum bromide) to stain 
for the presence of DNA. This method can be used to indicate the number, 
15 amount and size of amplified PCR products. However, the preparation, running , 
and analysis of PCR reactions using gel electrophoresis requires extensive 
manual Intervention end hazardous reagents and is time-consuming (typically 
taking around 1 hour In total). In eddition, multiple PCR cycles (typically 30) are 
required to produce detectable product. 
20 Recent methods do not use an electrophoresis step in the analysis of 

PCR. Such techniques work by monitoring a change in fluorescence that is 
associated with the accumulation of a PCR product by some means. 

Moans to monitor amplification of DNA during PCR using doubl e-stranded 
DNA-binding dyes, specific hybridisation probes containing donor and acceptor 
25 fluorophores or PCR primer probes containing donor and acceptor fluorophores, 
are described in WO-A-97/4444B6, WO-A-99/4261 1 and US-A-61 74670. 

Such methods have the benefit over gel electrophoresis of making it 
possible to follow PCR without liquid sampling, so allowing a reaction to be 
• followed in real time. This allows PCR product to be detected quickly, with fewer 
30 cycles, and gives direct information on annealing/melting kinetics. 

However, the fluorescent techniques have significant drawbacks. In 
particular, specialised equipment and reagents are required. Normally a 
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computer-driven integrated thermocycler-fluori meter is required as the methods 
often follow PCR in reaWime rather than being employed for end-point analyses. 
As a result, the accessibility (cost), and portability of such systems is 
compromised. Since detection is carried out within the PCR instrument, such 
methods are only available to suitably equipped laboratories. 

In addition, the application of fluorescence-based systems may be 
hampered by the limited capacity of equipment and its high cost Finally, costs 
of fluorescent reagents, particularly fluoresceritly-labeled primers, are high and 
sample preparation can be cumbersome. 

A characteristic of DNA and RNA polymerases Is the fact that they release 
tho compound pyrophosphate (PPI) each time they incorporate e new base into 
the growing DNA/RNA molecule. The reaction may be shown as, for a polymer 
of length n: 



DNA (n) 



polymerase 

+ dNTP/NTP DNA (n+1) ■»• PPI 



A sensitive assay for pyrophosphate is known as the Enzymatic 
Lumlnometric Inorganic Pyrophosphate Detection Assay (ELIDA); see Nyren et 
eh Anal. Biochem. 220: (1) 39-45 (1994). This assay has two steps: (1) 
conversion of pyrophosphate (PPi) to ATP by the enzyme ATP sulphurylase, and 
(2) utilisation of the ATP to produce light in the presence of luciferase and 
oxygen, catalysed by firefly luciferase (known In the art): 

ELIDA has been applied, to follow the incorporation of single nucleotides 
Into a DNA molecule by a porymerase; see US-A-5534424, US-A-54 98523. WO- 
A-96728440 and WO-A-98/1 3523. ELIDA-based methods are available (or 
Identifying single base polymorphisms as well as sequencing short regions of 
DNA. The approaches are iterative in nature, and detect the Incorporation of 
individual nucleotides. By definition, such applications are not detecting 
processive nucleic acid polymerase activity. 

One of the components of a polymerase reaction is the deoxynucleotide 
dATP which is also a substrate for luciferase. Thus an Intrinsic problem 
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encountered in a pyrophosphate assay of a polymerisation reaction is the 
spectral Interference resulting from the reaction of luciferase with dATP. 

A method for detecting a DNA polymerisation reaction Is disclosed in WO- 
A-92/16654 and the article by Tabary ef a/, J. Immunological Methods, 156 
5 (1992) 55-60. This method does not directly address the problem of dATP 
interference, but attempts to diminish the effects of interference using a lengthy 
stepwise assay involving the multiple addition of reagents. 
Summary of the Invention 

According to the present Invention, a method for determining the extent 
10 of a processlve nucleic acid polymerase reaction producing pyrophosphate, in 
the presence of all components necessary for the progression of nucleic acid 
synthesis, wherein the ramp ni^m^cnny rise ^a subsfra1,ft fqr the fW rlfi ' r - Bcid — 
nni^Hrnsowh ichtselthardATPoradATPanaiogue, inclu des a pvrooh,osphatR , 
assay comprising the s te ps of conversion of the pyrophosphate to ATP and . 
. 15 det ection of light producod bv the bioluminascence reaction of a luciferase with 
ATP, wherein one or both of the following apply: 

( a) the lucifer ase reads wilh ATP and the su bstrate, spch thaLttaa 
spectral overlap is reduced relative t o the spectral overlap 
between the outputs of reaction betwe en wild-type Photinuspymlis 
20 luciferase wit h ATP and dATP respectively; and 

b) the lucifera se reacts with the substrate to oh/e a reducej 
bioluminescence relative to tha t produced by the rea ction of.wild- 
type Photin us pyraJis luciferase with dATP. 
The Invention provides simple, cheap and rapid alternatives to both gel 
25 el ectrophoresis-based and fluorescence-based techniques. U can be used to 
distinguish whether or not a PCR reaction has taken place (and/or quantify the 
extent of a PCR reaction), using simple, cheap hardware requirements, with the 
possibility of portability and miniaturisation and easy Integration into high 
throughput systems. The method can provide improved signaf stability and 
30 improved signal: background ratio. 



6/18/2007, EAST Version: 2.1.0.14 



(16) 



JP 2004-531233 A 2004. 10. 14 



> (tmtum PCT/fiBO2/O0S4« 
A 

Description of the invgntlpn 

The Invention provides a method to assay In vitro enzymatic synthesis of • 
nucleic acid and to quantify the extent to which the nucleic acid has been 
polymerised tie novo. The invention comprises the detection of pyrop hosphate, 
produced as a cons equence of nucloic acid polymerisation. 

Preferably, the assay is used to analyse the results from the polymerase 
chain reaction (PCR), where DNA molecules are amplified in vitro . The assay 
can be carried out In the presence of all the components of the polymerisation 
reaction, including the nucleotides that are required. 

In one embodiment, tho invention comprises the steps of 

(1) converting pyrophosphate Into ATP using the enzyme ATP 
sulphurylase 

(2) detecting the ATP produced, preferably by an enzyme that 



produces light in the presence of ATP a nd en appropriate 
15 substrate, mere preferabl y firefly luciferase. wher ein the ATP 

produced as a consequence of step (1 ) can be distinguished from 
dATP or analogues which may be utilised by the polymerase 
enzyme. 

, rt ATP Sulphurylase 

™ Stepl PPI — ATP 

Firefly luciferase 

Step 2 ATP LIGHT 

25 

The invention allows tho ATP produced in step 1 to be distinguished from 
nucleotides present as a substrate for the polymerase enzyme. These methods 
comprise the alternatives of 

(a) optical methods to distinguish the wavelength of light produced from ATP 
30 In stop 2, from the light produced by enzyme action on the nucleotides 

present In the DNA polymerisation reaction buffer 
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(b) utilising nucleotides in the polymerisation reaction that are not effective 
substrates far the enzyme used in step 2 

(c) utilising enzyme variants in step 2 with reduced utilisation of dATP as a 
substrate. 

5 The invention comprises the detection of pyrophosphate as a means of 

determining the extent of a processive nucleic acid polymerase enzyme. 
"Processlve" as used herein refers to an enzyme operating under conditions 
where mo re than one nucleotide addition cycle can be carried out without further 
additions to or manipulation of the buffer components. 

10 This invention relates to detecting the pyrophosphate produced by a 

nucleic acid polymerase enzyme, preferably in the presence of the components 
needed by the enzyme. More preferably the pyrophosphate Is first converted to 
ATP (e.g. by ATP sulphurylase). The AT P is then detected, preferably, by a 
biolumlnescence reaction, more preferably usi ng a beetle lucrferase, most 

15 ^preferably firefly luciferase. 

The novel assay is performed subsequent to processive potymerisation 
of a nucleic acid molecule, preferably a DNA molecule, more preferably after 
application of the polymerase chain reaction. Further, the assay is performed 
directly on the reaction mixture used for the enzymatia flMA-srwfoesisJ^ 

20 presence of all the components necessary for DNA synthesis. 

The componen ts of an enzymatic DN A Bynthftftia reaction-will typically 
contain amixture of buffer. MflCI,, dATP. dCTP, dGTP, dTTP, p rimer^), a DNA 
template an d a polym erase. Such a mixture would interfere with an ELIDA assay 
"lo^pTropfiosphate since, in particular, the dATP reacts directly with firefly 

25 luciferase, producing light. Given that the concentration of dATP typically used 
in 6uch reactions is high (e.g. 0.2 mM), light production from dATP reacting 
directly with luciferase will contribute significantly to the light detected so 
confounding the essay for pyrophosphate, particularly al low pyrophosphate 
concentrations. 

• 30 The Invention embodies methods to assay pyrophosphate In the presence 

of the reagents reoulredfor enzvma t i o DNA m alhesls without undue imerferen ce^ ^ 
from lloh tnot produced as a consequence of the production of pyrophosphate. 
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As such, considering the first equation seen above, the invention can be used 
to assess the extent to which DNA polymerisation has been occurring In a 
RRrnnlft, praforabtv a pCR reaction The invention can thus be used to assess 
wheth er or pot a PCR reaction has produced anv PCR product, and also to 
5 quantify how miirhJTF pwd ifl h-IH bflBn produced , ,Jn many applications (e.g. 
*>BWdet ^onof DNA associate d with oathocens^ wher e the_PCR conditions, 
are alreadyB ufficiently optimised, the onry information required to establish that^ 
**lKg t&raal UNA sequenc e was present in the sample Is the occurrence of DNA 
polymerisation, 

10 In one embodiment of the invention, wavelength-specific light detection 

may be employed to differentiate between light produced from ATP (and hence 
derived from pyrophosphate) and light from dATP. Firefly lucif erase reacts with 
ATP to give yellow-green light, whereas U reacts with dATP to give red light. As 
a result, where a sample contains both ATP and dATP, the extent to which the 

15 light producod in tho presence of luciferase is from dATP can be assessed by 
either employing suitablo filters or measuring light emission at wavelengths 
where dATP contributes little to the recorded signal compared to ATP. Thus the 
light derived from dATP reacting directly with luciferase can be sufficiently 
minimised to make pyrophosphate detection in a PCR reaction feasible, even at 

20 low pyrophosphate concentration. 

|n another embodiment of t he inventi on, dATP is replaced by d-ct-SATP. 
d-a-SATP Is en approximately one-hundred-fold poorer substrate for luciferase 
than dATP, such that (hero is very little light production from the direct reaction 
of d-a-SATP with luciferaso. Nevertheless, d-a-SATP iB a suitable substrate for 

25 DNA amplification reactions. It is known that d-a-SATP can be incorporated into 
a DNA strand by DNA polymerases. It has now been found that DNA that has 
Incorporated d-a-SATP (now containing sulphur atoms) can act as a template to 
direct further DNA synthesis; this is a prerequisite for PCR. PCR reactions using 
d-a-SATP are efficient and, due to the lack of dATP, they do not intrinsically 

30 cause significant light emission when added to ELIDA reagent. Thus, when 
using d-a-SATP In a PCR reaction, the resulting sample will only emit significant 
light If pyrophosphate has been generated, e.g. ff a PCR product has been 
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amplified. It will bo ovident to a person skilled in the art that nucleotides other 
than d-u-SATP which are substrates for PCR but whose reaction with firefly 
luciferase demonstrates a lower specific activity than with dATP, could also be 
utilised In this context. 

S Another embodiment of the Invention is the application of mutant firefly 

luciferases or beeUe luciferase variants with either a greater difference in the 
colour of blofuminescence using dATP compared to ATP or a different affinity for 
either dATP or ATP. Mutant luciferases where the difference between the 
wavelength of maximal luminescence with dATP and ATP larger than wild-type 

10 enzyme can be employed to improve the discrimination between light produced . 
from ATP as opposed to dATP. Further, mutants where dATP is a poorer 
substrate for light emission relative to ATP, may be similarly employed. Within 
this embodiment, any mutant luciferase can be used which is more discriminating 
with respect to reacting with ATP over other nucleotides, either in activity or 

15 wavelength of light produced. Methods For obtaining or identifying such mutant 
luciferases are known In the art (e.g. WO-A-96722376 and WO-A-99'1 4336). 

It is a feature of the invention that pyrophosphate from DNA synthesis can 
be detected when tho DNA which has been syntheslsed would be undetectable 
by gel electrophoresis, resulting in Increased sensitivity and reduced 

20 amplification time In PCR assays. In addition, tho amount of pyrophosphate 
detected Is proportional to the amount of DNA synthesised under appropriate 
conditions. Hence the detection of pyrophosphate can be used to quantitate a 
PCR reaction. 

A further feature of the invention is the utilisation of pyrophosphate assay 
25 components that can wilhstand the conditions of a PCR reaction. The 
pyrophosphate assay components may be stabilised by lyophilisation or by the 
presence of stabilising factors, and/or may be thermostable, in particular 
thermostable ATP sulphurylase amd thermostable luciferase. The nucleic Bcid 
polymerase may also be thermostable. 
30 Analysis of a PCR sample simply requires the mixing of some PCR 

sample with EL I DA reagent. Light emission from the mixture Is rapid and of 
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sufficient magnitude that complex light-detection hardware Is not necessary: a 
CCD camera or even photographic film can be used to analyse the result. 

Further, the light signal from the ELIDA reaction is stable over a few 
minutes, giving a useful window of time in which the assay can be measured. 
5 This means, for example, that a PCR reaction done on o multiwell-ptate format, 
requires only ELIDA reegent added to all the wells (which is easily done 
simultaneously with simple liquid handling devices) and placed under a CCD 
camera for a few seconds, to give a complete result. The potential for very high 
throughput analysis is therefore clear liquid handling is simple, as la the 
to hardware, and hundreds of samples may be easily analysed simultaneously. 

Further, the simplicity of the assay offers far greater accessibility and 
portability of PCR and other technology. In particular, this assay may be easily 
integrated Into miniature 'liquid" circuits performing PCR reactions. Indeed, the 
assay offers the benefit of not requiring an In-built fluorimeler as would methods 
15 using fluorescent oligos: a simple photomultiplyer or photographic film is 
sufficient to enolyso Iho results from tha invention disclosed. 

The following Examples illustrate the Invention. 
Example 1 U90 of filters to remove light conlributed from dATP stimulated 
biolumlnescence 

20 Pyrophosphate assay buffer (PAB) was made up as follows: 



0.1M 


Tris-acetale (pH7.75) 


Sigma 


2mM 


EDTA 




10 mM 


Magnesium Acetate 


•i 


0.1% 


Bovlno scrum albumin 




5uM 


Adenosine 5' phosphosulphate 




0.4 mg/ml 


Polyvinylpyrrolidone (360,000) 




0.3U/ml 


ATP Sulphurylase 




100 mg/ml 


D-luclferln 


Europa 


5.5x10" light units 


Photinus pyralls fuefferase 


Promega 


1 mM 


Dithiothreotol 


Melford 
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Solutions of sodium pyrophosphate (Sigma) were made up freshly and 
stored shaded on ice. 

50 Ml of PAB was aliquoted into two wells of a 96 well plate. To one 
sample was added 1 ul of 0.1 mM sodium pyrophosphate; to the other was 
added 1 of 2 mM dATP. The resulting light emission was observed using a 
Syngene light-box with a black and white CCD camera integrating the signal over 
5 seconds. Whilst the sample where pyrophosphate was added is far brighter, 
there Is significant light emission from the dATP sample. The amount of dATP 
added Is equivalent to 1/5 the amount used (n a standard 50 ul PCR reaction. 
Hence Iho contribution from the dATP to the bioluminescence is significant. 

A green filter was placed in front of the lens of the CCD camera and the 
sample above was observed once more, it could be clearly seen that the 
presence of the green filter markedly reduced the signal of the dATP sample 
relative to the pyrophosphate sample. This was by virtue of the light emission 
from the dATP sample having a maximal light emission at 620 nm whereas the 
emission from ATP is at a maximum at 550 nm (at pH 7.8) hence Iho green filter 
blocked more of the light from the dATP sample. 
Example 2 PCR using the dATP analogue ckx-SATP 

A 50 ul PCR reaction contained the following: 



20 



25 



5 pi 


Trls-HCI 


100 mM 


Sigma 


4 Ul 


Magnesium Chloride 


50mM 


Gibco 


5 Ml 


d-a-SATP 


2mM 


Glen research 


5 Ml 


dCTP 


2mM 


Pharmacia 


5 Ml 


dGTP 


2mM 


Pharmacia 


5 Ml 


dTTP 


2mM 


Pharmacia 


1M» 


Test plasmld pPw601a 


0.5 ngW 




1.25 Ml 


Primer 1 


10 uM 




1.25 M» 


Primer 2 


10 pM 


,^Rocha ^ 


0.5 Ml 









19 m> 


Milll-Q water 
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The sequences of primers 1 and 2 and the test plasmid are given in SEQ 
ID Nos. 1, 2 and 3, respectively. The size of the expected PCR product was 
158 bp. 

5 pi of Eurogentec "smart-ladder" molecular weight marker was used in 
5 gel electrophoresis. 2 pi of 10 mg/ml ethldium bromide was added to egerose 
gels and gel running buffer. 

Taq polymerase wa9 added to the sample after heating to 95 s for 30 
seconds. The following cycling parameters were implemented on a Perkln-Efmer 
GenoAmp PCR system 2400. 
10 OS^C 30 sec 



30 cycles 



10 pi of the resulting PCR reaction was loaded onto a 10% egerose gel 
containing cthidium bromide alongside a molecular weight marker. The gel was 
ain et 60V for 50 minutes end then visualised under a transilluminator. It oould 
be seen that a PCR product is generated using d-a-SATP instead of dATP. 
Under the same conditions, if dATP Is used instead but at 1/1 0th the usual 
concentration of 0.2 mM, no PCR product is detected. This shows that the PCR 
product gained using d-a-SATP is not simply the result of contamination by 
dATP as the d^t-SATP was over 98% pure; hence a PCR product could not 
have occurred by virtue of contaminating dATP. 

Example 3 DectecUon of pyrophosphate from a PCR reaction using d-a-SATP 
Three PCR reactions were set up es in Example 2. One of the samples 
was not subjected to thermocycllng, the remainder were thermocycled but one 
did not have Taq added. The expected result was that only the sample 
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thcrmocycled with Taq would produce a PCR product. This was confirmed by 
gel electrophoresis. 5 ul of each PCR reactions was added to 25 Ml of ELI OA 
buffer in a 96 well plate. Light emission from the samples was measured using 
a CCD camera, and it was demonstrated that the light emission from the 
5 samples, on assaying for pyrophosphate, clearly corresponds to the gel result. 
Example 4 Dectection of pyrophosphate from a PCR reaction using dATP 

PCR reactions were sot up as In Example 2, except that dATP was used 
instead of d-a-SATP, i.e. standard PCR reaction conditions were used. Two 
samples were prepared, one with the correct DNA template present (with respect 

10 to the primers used) and one where the correct DNA template was not present. 
The expected result was that only the sample with the correct template would 
produce PCR product. Having run the PCR reaction, the samples were anarysed 
by gel electrophoresis. 5 ul of each PCR reaction was then added to 25 pi of 
ELIDA assay reagent and tho light emitted detected with a CCD camera fitted 

1 5 with a green filter, as in Example 1 . The detected light emission corresponds 
with that of the gel electrophoresis, such that the ELIDA assay Is able to Indicate 
correctly which sample has successfully produced PCR product 
Example 5 Quantification and sensitivity of PCR product detoction 

Seven PCR samples were prepared as in Example 2 (U. using d-a- 

20 SATP). During Ihermocycl ing, one of the tubes was removed and placed on ice 
every 5 cycles up to 35 cycles of the PCR reaction. The production of PCR 
product was analysed using gel electrophoresis. 5 pi of each of the samples 
was added to 25 pi of ELIDA buffer and the light emitted was recorded with a 
CCD camera. Figure 1 {a graph of light against the number of PCR cycles) 

25 shows that, not only does the light emitted from the ELIDA assays increase with 
cycle number, but that light emission Increases before PCR product can be 
detected on the gel. 

Example 6 Stability of light emission from ELIDA assays of PCR reactions 
containg d-o-SATP compared to dATP 
30 PCR reactions were set up and run as In Example 5. The analysis of 

each PCR sample was initiated by mixing 1 pJ of Ihe PCR reaction with 20 pi of 
ELIDA assay buffer. The light emitted from the sample was then measured with 
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a Labsystems Lumlnoscan Ascent luminometer in a series of four consecutive 
light readings over a period of 1 minute. Each light reading represented the light 
emission from the sample Integrated over a ten-second interval (using the 
machine's defeult PMT voltage). 
5 Figure 2 (a graph of relative light units against time) demonstrates the 

magnitude of the light emission ovar four consecutive light readings from EL I DA 
assays of PCR reactions run for 5 and 35 cycles with either dATP or d-a-SATP. 
PCR reactions run with dATP show significant decay in light emission over time. 
This effect becomes greater with the number of PCR cycles. As a result, the 

to differential between the light emitted between 5 and 35 cycles significantly 
decreases. ' Conversely, using d-a-SATP, the light emission over time is close 
to constant for both the 5 and 35 cycle samples. As a result, the magnitude of 
the differential between the readings for 5 and 35 cycles over the four readings 
taken, is almost constant (only 5% difference). 

15 Example 7 Background lo signal ratio (n ELIDA assays of PCR reactions 
containing d-a-SATP compared to dATP 
PCR reactions were set up as in Example 2 except that only 0.5 pg of the 
test plasmtd pPw601a was used. Further, the PCR reactions contained either 
d-a-SATP or dATP. The light emission from an ELIDA assay of unreacted PCR 

20 mixes containing either d-a-SATP or dATP was measured as in Example 6. A 
further ELIDA assay was performed on the same samples after they had 
completed 30 cycles of a PCR reaction (and had produced the same amount of 
amplicon as judged by agarose gel analysis). The ratio of the light emission 
from the unreacted PCR mix to the reacted PCR mix is shown in Figure 3 

25 (showing signal: background ratio). It con bo seen that using d^a-SATP 
considerably improves the signal: background ratio. This is due to the fact that 
d-a-SATP does not react with luciferase to the same degree as dATP. 
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CLAIMS 

1. A method for dotermining the extent of a processlve nucleic acid 
polymerase reaction producing pyrophosphate, in the presence of all 
components necessary for the progression of nucleic add synthesis, wherein the 

5 components comprise a Bubstrate for the nucleic acid polymeraseyhich is either 
• dATP ore dATP analogue, wherein the method includes a pyrophosphate assay 
comprising the steps of conversion of the pyrophosphate to ATP and detection 
of light produced by the bioluminescence reaction of a luclferase with ATP, 
wherein one or both of the following apply: 
10 a) the luclferase reacts with ATP and the substrate, such that the 

spectral overlap Is reduced relative to the spactral overlap 
between the outputs of reaction between wlld-typePtotfnt/spyratfs 
luclferase with ATP and dATP respectively; and 
b) the luciferase reacts with the substrate to give a reduced 
15 bioluminescence relative to that produced by the reaction of wtfd- 

type Photinus pymlis luciferase with dATP. 

2. A method according to claim 1 , wherein the substrate Is dATP. 

3. A method according to claim 1 , wherein the substrate is a dATP analogue. 

4. A method according to claim 3, wherein the dATP analogue is d-a-S-ATP. 
20 5. A method according to any preceding claim, wherein the luciferase is a 

variant or mutant of a coleopteran luclferase. 

6. A method according to claim 5, wherein the luclferase is a vanant or 
mutant of Photinus pymlis luciferase. 

7. A method according to claim 3 or claim 4, wherein the luciferase is wild- 
25 type Photinus pyralls luciferase. 

8. A method according to any preceding claim, wherein light produced by the 
bioluminescence reaction Is detected using wavelength-specific light detection. 

9. A method according to any preceding claim, wherein a light filter is used 
in the pyrophosphate assay. 

30 10. A method according to any preceding claim, wherein the lucif erase is a 
thermostable luclferase. 
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11. A method according to any preceding claim, wherein the nucleic acid 
polymerase is a DNA polymerase. 

12. A method according to claim 1 1 , wherein the nucleic odd polymerase is 
thermostable. 

13. A method according to any preceding claim, wherein the conversion 
comprises the addition of ATP sulphurylase. 

14. A mothod according to claim 13, wherein the ATP sulphurylase is 
thermostable. 

1 5. A method according to any preceding claim, wherein a component of the 
pyrophosphate assay is immobilised. 

16. A method according to any preceding claim, wherein a component of the 
pyrophosphate assay is stabilised by lyophilisation or by the presence of 
stabilising factors. 

17. A Kll suitable for use in a method defined in any preceding claim, 
comprising containers respectively containing 

a) buffered mixture of nucleic acid polymerase, a source of Mg, and 
deoxynucleotides, whelelntfTtei deoxynucleotides comprise a 
substrate as defined (n claim lyfind 

b) a luciferase. luclferin ar^TVsulphurylaae. — 



6/18/2007, EAST Version: 2.1.0.14 



(27) 



JP 2004-531233 A 2004. 10. 14 



wo (im&in 3a 



RCWJBfl 2/00*4* 



1/3 



Light 
Units 



























1 


1 1 














10 


15 


20 


25 



PCH cycles 



FIG. 1 



6/18/2007, EAST Version: 2.1.0.14 



(28) 



JP 2004-531233 A 2004. 10. 14 



PCT/CBft2/00S48 



2/3 



1000 




5 cycles (dATP) 
35 cycles (dATP) 
— o— 5 cycles (d-o-SATP) 
— a — 35 cycles (d-o-SATP) 



i 1 1 r 

10 20 30 40 
Time (eeae| 

FIG. 2 



6/18/2007, EAST Version: 2.1.0.14 



(29) 



JP 2004-531233 A 2004. 10. 14 



3/3 




FIG.3 



6/18/2007, EAST Version: 2.1.0.14 



(30) 



JP 2004-531233 A 2004. 10. 14 



WO 0MM4U0 WnVfiB02/00«8 

SEQUENCE LISTING 

<110> Cwnbcidgo Unlvoroity Technical Servlceo Ltd. 

<120> METHOD TOR DETECT IN3 DNA POLYMERISATION 

<130> REP066MWO 

<140> not yet known 
<141> 2002-02-19 

<160> 3 

<170> Patantln Ver. 2.1 

<210> 1 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<2H3> Oeacription ot ArtiCiclal Sequence: 
Oligonucleotide 

<100? 1 

ggttgcggat gccguteccg gy 22 



<210> 2 
<211> 22 
<212> DNA 

<21J> ArtiCictttl Sequence 
<220> 

<223> Description ot Axtificinl sequence: 
Oligonucleotide 

<400> 2 

gctatgtctc caytatgtag cc 



<210> 3 

<2ii> srn 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223;> Ococriptlun ot Artificial sequence: PlnumLd 
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<«0O> 3 

naancrrmat vMchckrrotn ndcirotatiw angthntync hckaogctta ctccccatcc 60 
cc«t:gttg»c aattaatcnL cggctcgtat aaVgtglgga attgtgageg gataaeaatt 120 
tcacacagga o&cnggat.cc aaatggaaga cgccaaaaae staaagnaag gcccggcgcc 180 
actctatcct ctagaggatg gaaccgctgg agagcaactg eataaggcta tgaagagata 240 
cgccetggtt cctggnacaa ttgcttttac agutgcacat atcgaggtga acatcacgta 300 
cgcggaatac ttcgaaatgt ccgttcggte ggeagaagct atgaaacgat atgggctgaa 360 
tucaaatcao agaatcgtcg tatgcagtga aaactctctt caattettta tgccggtgtt 420 
gggcgegtta tttatcggag ttgcagttgu gcccrgcgaae gacotttata atgaacgtgn 4»0 
attgctcaac agtatgaaca tttcgcogcc taccgtagtg tttgtttcca aaaaggggtt 540 
gcauaaaatt ttgaacglgc aaaaaaaatt accaatoote cagaaaatta ttatcatgga 600 
ttctaoaacg gaCtaccagg gatLLcagtu gatgtacacg ttcgtcacnt cteatcr.acc 660 
tcccggtttt aatgaatacg attttgtacc agagtccLtt gatcgtgaca aaacaattgc 720 
aetgataatg n&ttcctctg gatctoctgg gttacctaag ggtgtqgccc ttecgcatag 7B0 
onctgnntgc gtoagattct cgcatgccag agatcctatt tttggcaatc aaatcattoc fl40 
ygataetgeg attttangtg ttgttccatt ccatoacggt tttggaatgt ttactacaet 900 
cgyatatttg ntatgtggat ttcgagtcgt cttaatgtat agatttgaag aogagctgtt 960 
tttaogatcc cttcaggatt acaanattco ongtgcgttg ctagtaocaa ccr.tattt.tc 1020 
at-.tcttcgcc aaangcacta tgattgacaa atacgattta tctaetttac acgaoattgc 1080 
ttctgggggc gcacetcttt cgaaagaagt cggggaagcg gttgcaaaac gcctccatct 1140 
tccagggata cgacaaggat atgggctcac tgagactaea tcagctattc tgattacacc 1200 
cgagggggat gataaaccgg gcgcggtcgg taaegttgct ccattttetg aagcgaaggt 1260 
tgtggatctg gataccggga aaacgctggg ogttaatcag agaggcgaat tatgtgtcag 1320 
•ggacctntg attatgtccg gttatqtaaa eaatr.eggaa gcgaccnacg cctLgaUga 1380 
nuaggatgga tggct«cott ctggagacat agcttactgg gacgaagacg aacacttctt 1440 
cotagttgnc ogcttgaagt cLttaattaa atacaaagga tatcaggtgg cccecgetga 1S0O 
attggantcg atattgttao nacaccccaa cutcttcgac gcgggcgtgg caggtcttcr. 1560 
cgacgatgac gncggtgaae ttecegeegc cgttgttgtt ttggagcacg gaaagacgat 1620 
gacggaoaaa gagatcgtgg attacgtcgc cagtcaogta acnaccgcga aaaagttgcg 1680 
cggaggngtt gtgtttgtgg acgaagtacc gaaaggtctt aecggaaaac tcgacgcaag 1740 
aaaaatcaga gagatcetca tnaaggccaa gaagggcgga aagtccaaat tgtaaaatgt 1800 
aastgtattc agcgatgacg aaattcttag ctottgtaat cctccgaggc ctcgatcgag 1660 
gtogecgaot toggtaaatt tatggttggt. tatqaaatgc tggcagagac ccagcgagac 1920 
otgaecgcaq aacaggcagc agagcgtttg cgcgcagtoa gcgatatcca ttttcgcgaa I960 
tccggagtgt aagaaatgag tctgaaagaa aaaacacaat ctctgtttgc caacgcattt 2040 
ggntaucctg ccactcacaq cattcaggcg cctggccgcg tgautfctgat tggtgaaeac 2100 
accgactuco acgatiggttt cgttctgccc tgcgcgattg attateaaac cgtgatcagt 2160 
tgrgcaecac gcgatgaccg taangttcgc gtgatggcag ccgattatga aaatcagctc 2220 
gacgagtttt ccctcgotgc gcccott.gte gcacatgaaa actatcaatg ggctaactnc 2280 
gttcgtggcg tggtgaaaca tctgcaactg egtaacaaca gctccggcgg cgtggacatg 2340 
gtgatcagcg qcaatgtgcc gcagggtgcc gggttaagLt cttcugcttc actggaagtc 2400 
gcggtcggan ccgtattgca gcagcthtat nnt.efcgcogc tggacggcgc acaaalcgcg 2460 
cttaacggtc aggaageaga aaaccagttt gtaggctgta actgogggat catggatcag 2520 
cxaatttccg cgctcggcaa gaaagatcat gccttgctga tcgattgccg ctcactgggg 2380 
accaaagcag tttccatgcc caaaggtgtg gctgtr.gr.ca tcatcaacag taacttcaaa 2640 
cgtaccctgq ttggcagcga atncaacacc cgtcgtganc agtgcgaanr. cggtgcgegt 2700 
ttcttc»:agc agccagccct gcgtgatgtc accattgaag agttcaacgc tgttgcgcat 2760 
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gaactggacc cgatcgtggc aaaacgegtg cqteatafcac tgactgaaaa cgcccgcacc 2820 
gf.tgnagctg ccagcgcgct ggagcaaggc gacctgaaae gtatgggtga gt.tgatggcg 2880 
yagteteatg cctcLatgcg cgatgatttc gaaatcaccg tgccgcaaat tgacactctg 2940 
gtagaaatcg teanagcr.gt gatLggcgac aaaggtggcg tacgcatgac cggcggcgga 3000 
tttggcggct gtategtcgc gctgatcccg gaagagetgg tgcctgccgt acsgcaagcc 3060 
gtegctgaac aatnt-gaago aaaaacaggt attaaagaga ctttttacgt ttgtaaacca 3120 
tcacaaggag eaggacagtg ctgaacgaaa cfcceugcact ggcacuvgat ggtcagccgc 3100 
aucyactgtt ctgcctcgcg egtttcggtg atgncggtga aaacctctga cacatgcagc 3240 
tcccggagnc gytcacagct tgtctgtaag cggatgccgg gogcogacaa gcccgtcagg 3300 
gcgcgtcage gqqt.gt.tggc gggtgtcggg gcgcagccat gacccagtca cgtagcgata 3360 
gcggagtgta tactggctta accatgcggc atcagagcag actgtactga gagtgcacca 3420 
tatgcggtgt gaaotaccgc aeagatgcgt aaggagaaaa taccgcatea ggegetctta 3(60 
egcttccccg etcoetgact cgutgogcLc ggLcgttcgg ctgcggcgag cggtatcagc 3340 
tcactcaaag gcggtaatae ggttatecae agaatcoggg gataacgcag gaaagaacat 3600 
gtgagcaaaa ggccnqcaaa aggccaggaa ccgtaaaaag gccgcgttgc tggcqttttt 3660 
ccataggctc ogeaoccctg acgagcatca caaaaatcga cgctcaegtc agagqtggcg 3720 
aaacccgaca ggacr.ahnea gataccaggc gtttcccect ggaagatccc tugtgcgctc 3/SO 
tcctgttccg accctgccgc ttnccggata eetgrccgcc tttctccctt cgggaagcgt 3840 
ggcgctttot eaotgctcac gctgtaggta tctcagttcg gtgtaggtcg ttxgctccaa 3900 
gctgggctgt grgcacgaac cccccgttca goecgaccgc tgcgecttat ecggtaacte 3960 
tcgtcttgag tccaaccegg taagacaega cttatcgccu ctggcagcag ccactggtaa 4020 
aaggottagc agagcgaggt atgtaggcgg tgctonagag ttcttgaagt ggtggcctaa 4080 
ctauggctao antagaagga cagtatttgg tatctqogct ctgetgaagc cagttaeett 4140 
cggaaaaaga gttgytugct cttgaLccgg caaacaaacc accgctggta gcggtggttt 4200 
ttttgtttgc aagcagcaga ttacgcgcag aaaaaaagga tetcaagaag atectttgat 4260 
cttttctacg gggtctgacg ctcagtggao cgaaaactca cgttaaggga ttttggtcat 4320 
gagattatca aaaagynt.cL tcauctagat ccttCtaaat taaaaatgaa gttttaaatc 4300 
aatvtaaagt. atat-.atgagt aa&cttggtc tgacagtLac cautgcttaa tcagtqaggc 4440 
acetatctca gcgatctgtc tafcttcgttc atccatagtt gcctgactcc ccgtcgtgta 4300 
gataactacg atuugggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga 4360 
cccacgctea ccqgctccag otttatcagc aataaaccag ccagccggaa gggcegagcg 4620 
cagaagtggt cctgcaactt tatccgcctc catccagtct attaattgtt gccgggaagc 4680 
tagagtaagt agttcgccag ttaatagttt gcgcaacgtt qttgccatxg ctgcaggcat 4740 
cgtggtgtca cgctcgtcgt ttggtatggc ttcattcagc tccggttccc aacgatcnng 4800 
gcqagttaca tgatccecea tgttgtgcaa aaaagcggtt agctocttog gtcetccgat 4860 
egttgtcaqa agtaagttgg ccgcagtgtt atcneteatg gttatggcag cactgcataa 4920 
Ltctd.tnct gtcatgeeat ecgtaagatg cttttctgtg actggtgngt actcaa«:caa 4960 
gteattctga gaatagtgtu kgcggcgacc gagttgctct tgcccggcqt caacacggga 3040 
taataccflcg ccacatagca gaaetttaaa agtgctcafcc uttggoanac gttctLcggg 0100 
gogaanacto teaaggatct taccgctgtt gngatncagt tcgatgtaac ccactcgrgc 3160 
ncceaactga tettcagcat cttttactLt eaccagcgtt tctgggtgag caaaaaeagg 3220 
aaggcaaaat gecgcaaaaa agggaataag ggcgucaogg aaatgttgaa Cactcatact 3200 
ettccttttt caatattatt gaagcattta teagggttat tgtctcatga gcggatacat 5340 
attlgaalgl atttagaaia ataaacaaat aggggttccg cgcacacttc cccganaagt 5400 
gccacccgac gtctaaguaa ccattattat cntgacatta accLalaaaa ataggcgtat 3460 
cacgiggccc tttcgtctte aagaattctg gcgaatcctc t.gaccagcca gaaaacgacc 3520 
tttctgcggt gaaaccggat gctgcaatLc agagcgccag caagtggggg acagcagaag 5SB0 
acctgaccge cg«ogagtgg atgtttgaca tggtgaagac tatcgcacca tcagccagaa 3640 
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aaccganLtt tgctgggtgg gctaacgata tcegectgnt gcgt.qaacgt gacggacgta 5700 

•ccaccgcga cntgLgtgtg ctgLteegct gggcatgcca ggacaacttc tggtccggta 5760 
acgtgctgag ceeggee 5777 
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